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Abstract
To determine the levels of parathyroid hormone (PTH) in the fluids of various tissues for identification of parathyroid glands during
thyroidectomy.
Our study comprised 31 patients with thyroid cancer who underwent lobectomy with central compartment dissection at our

hospital fromOctober 2014 to February 2015. A total of 186 tissue samples, including 28 from parathyroid glands and 158 from non-
parathyroid tissues, were obtained during the operations. Tissue fluids were collected via fine-needle aspiration to measure PTH
levels; the tissue was punctured 3 times with a 26-gauge syringe needle and washed with 0.5mL normal saline. Tissues were also
prepared for pathological examination.
PTH concentrations were significantly higher in parathyroid tissues than non-parathyroid tissues. None of the patients had

irremediable parathyroid dysfunction after surgical resection.
Use of fine-needle aspiration for quantification of PTH levels in tissue fluids rapidly, safely, and effectively identifies the parathyroid

glands during thyroidectomy.

Abbreviations: PHOS = phosphate, PTH = parathyroid hormone.
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1. Introduction

Hypoparathyroidism after thyroidectomy is likely and can be
detrimental to the patient. Its occurrence can be prevented by
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protecting the parathyroid glands during surgery; hence, accurate
identification of these glands is important. Herein we examine the
practicability, accuracy, and safety of fine-needle aspiration as a
means of rapidly quantifying parathyroid hormone (PTH), which
aids in identifying the parathyroid glands during thyroidectomy.
2. Materials and methods

2.1. Data

Our study comprised 31 patients who underwent surgery for
thyroid cancer at our hospital. The surgeries were performed by
the same group of doctors between October 2016 and February
2017. Six patients were men and 25 were women, and the median
age was 44 years (range, 28–67 years).
The operation plans were in accordance with the Guidelines on

the Diagnosis and Treatment of Thyroid Nodules and Differen-
tiated Thyroid Carcinomas.[1] The procedures performed were
hemi-thyroidectomy with unilateral central compartment lymph
node dissection (16 patients), total thyroidectomy with central
compartment lymph node dissection (10 patients), and total
thyroidectomy with bilateral neck central compartment lymph
node dissection (5 patients). The postoperative pathology showed
no evidence of thyroid papillary carcinoma. In the 6 months after
surgery, none of the patients developed hypocalcemia, and serum
levels of PTH, calcium, and phosphate (PHOS) were within
normal ranges.
Because the postoperative pathology was clear of thyroid

papillary carcinoma, hemi-thyroidectomy with unilateral central
compartment lymph node dissection was performed, reserving 1
or more parathyroid gland. Thirty-one patients met the following
conditions: no previous neck surgery or thyroidectomy; normal
kidney function; no metabolic bone disease; no previous use of
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agents that affect calcium or PHOS metabolism (eg, calcium
supplements, vitamin D, thiamine diuretics, anti-epileptic drugs);
normal serum levels of PTH (15–65ng/L), calcium (2.0– 2.8
mmol/L), and PHOS (0.7–1.5mmol/L); and test materials
collected from the parathyroid glands, thyroid gland, thymus,
lymph nodes, fatty tissue, and muscles.
Figure 1. Results of PTH. PTH=parathyroid hormone.
2.2. Methods

Tissue samples were collected from the central compartment of
the neck via fine-needle aspiration. We used a 26-gauge syringe
needle to puncture the tissue 3 times and 0.5mL normal saline to
extract the fluid from the punctured tissue. It is noteworthy that
all steps were performed by a single person.
Use of a PTH kit from the Jiangsu Institute of Nuclear

Medicine allowed us to quickly measure PTH concentrations in
the tissue fluids. To assess the accuracy of the PTH measure-
ments, we identified the tissue of origin via paraffin-based
pathology. The following items were recorded: blood levels of
PTH, calcium, and PHOS before and 1 day after surgery; the
amount of PTH in the tissue fluid; the results of paraffin-based
pathology; and the occurrence of hypocalcemia and irremediable
hypoparathyroidism, as well as their treatments and outcomes.
2.3. Ethical approval

The study was approved by the ethics committee of the Jiangsu
Institute of Nuclear Medicine in China (No.201602004).
Informed consent was obtained from all study participants
during the medical examination.
2.4. Statistical analyses

SPSS 18.0 software was used to analyze the results and to
determine the sensitivity, specificity, and biochemical index of
PTH levels for pathological diagnosis. To determine whether the
quantitative data were normally distributed, we used the formula
“x2±S”. The exact probabilities test was used to compare PTH
levels in the various tissue fluids. P< .05 was considered
statistically significant.
3. Results

3.1. Blood biochemical examination

The blood indexes for the 31 patients in our study were all in the
normal range before surgery: PTH, 22.87 to 65pg/mL; calcium,
2.18 to 2.74mmol/L; and PHOS, 0.84 to 1.45mmol/L. The day
after surgery, the values were as follows: PTH, 6.4 to 61.39pg/
mL (< 3pg/mL in 3 patients); calcium, 1.87 to 2.44mmol/L
Table 1

Pathological results of tissue and results of PTH.

Disease
Pathological
findings (n)

Accuracy of
the naked eye (%)

Rapid detection
kit for PTH (pg/mL)

Parathyroid 28 90.32 1431.84±1388.75
Thyroid gland 32 100 20.26±5.50
Muscle 31 100 22.26±5.12
Thymus 33 96.77 22.10±5.40
Lymphonodi 33 93.55 20.67±5.55
Lipid 29 93.55 22.51±5.67

PTH=parathyroid hormone.
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(< 2.0mmol/L in 4 patients); and PHOS, 0.93 to 1.88mmol/L
(> 1.5mmol/L in 7 patients). All values were within the normal
range 6 months after surgery.
3.2. PTH levels in parathyroid and non-parathyroid tissue

The mean PTH concentration was significantly higher in
parathyroid tissue (1431.84±1388.75pg/mL; range, 214–
5000pg/mL) than in non-parathyroid tissue (21.54±5.46pg/
mL; range, 10.23–31.60pg/mL) (P< .01). There was no signifi-
cant difference in PTH levels among the non-parathyroid tissues
(P> .05). These results are shown in Table 1 and Fig. 1.

3.3. Comparison of PTH levels in serum and tissues

PTH levels were clearly lower in preoperatively collected serum
than in the parathyroid tissue (P< .05) (Table 2). Although all
PTH levels in non-parathyroid tissue were lower than the
corresponding PTH levels in serum, the difference was not
significant (P= .81).
3.4. Sensitivity and specificity of tissue PTH levels for
identification of the parathyroid glands

Among all 158 samples, the highest and lowest PTH levels in non-
parathyroid tissue were 31.60pg/mL and 214pg/mL, respective-
ly. Using an upper limit of 65pg/mL as the cutoff value, the
sensitivity of PTH for identifying parathyroid tissue was 28/28
(100%) and the specificity was 158/158 (100%).
Table 2

Comparison of PTH levels in serum and tissue.

Type # Samples Range (pg/mL x2±S P

S-PTH 31 22.87–65.00 22.87±11.36l
PG-wPTH 28 214–5000 1431.84±1388.75 .00
NPG-wPTH 158 10.23–31.60 21.54±5.46 .81

NPG-wPTH=non-parathryroid gland PTH, PG-wPTH=parathyroid gland PTH, PTH=parathyroid
hormone, S-PTH=preoperative serum PTH.
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4. Discussion

There has been a significant increase in the incidence of
differentiated thyroid carcinoma in recent years. The current
recommended thyroidectomy procedure is lobectomy with central
compartment dissection,[1,22] and themost common postoperative
complication is hypoparathyroidism. According to the literature,
the postoperative rates of hypocalcemia and hypothyroidism are
19% to 38% and 0% to 3%, respectively.[3–5]

Protection of the parathyroid glands during surgery is the most
effective means of preventing hypoparathyroidism, and for this,
accurate quantification of PTH is key. However, the parathyroid
glands, thyroid gland, muscles, lymph nodes, thymus, and fatty
tissue can be difficult to distinguish. During thyroid surgery,
surgeons can identify the parathyroid glands by their location,
color, character, and vessels. In the presence of a large number of
thyroid nodules, there is an increase in fatty infiltration of the
central neck lymph nodes, and even experienced surgeons find it
very difficult to distinguish the parathyroid glands.[7–9] Conse-
quently, inadvertent parathyroidectomy can occur during
thyroid surgery, with a reported incidence rate of 1% to
15%.[10] In our study, 28 of the 31 parathyroid glands examined
were confirmed, whereas the remaining 3 were misidentified (the
correct identities were lymph node, fatty, and thymus tissue).
Methods for identifying the parathyroid glands include indoc-

yanine green-enhancedfluorescence,[11,12] use of a gammaprobe,[13]

use of carbon nanoparticles,[14,15] and intravenous injection of
methylene blue.[16] However, these methods are still in the
experimental stage or not ready for widespread use in clinical
practice.Althoughuseof frozensectionsremains thegoldstandard, it
hasmany problems: limited preoperative preparation time for tissue
removal, a 20-minute intraoperative wait time, a 1% error rate, and
technology-andequipment-relateddifficulties.[6,17,18]Obviously,we
need a new method that is convenient, effective, and safe.
Monitoring hyperthyroidism by measuring PTH levels in

intraoperatively obtained parathyroid gland aspirates was first
reported in 2000.[19] Thereafter, multiple studies documented the
rapidity, high diagnostic precision, and limited invasiveness of
this method.[6,7,20,21] However, this method is rarely used to
identify normal parathyroid glands during thyroid surgery
because the normal parathyroid gland is too small to discern.[6]

Haiyan et al[18] compared the results of intraoperative fine-needle
aspiration with pathological findings in patients with normal
parathyroid glands. A significant difference between PTH levels
in parathyroid and non-parathyroid tissue was found.
In the present study, we used fine-needle aspiration to measure

PTH levels in the parathyroid glands, thyroid gland, muscles,
lymph nodes, thymus, and fatty tissue. The measurements were
then compared with the pathology results. We found that PTH
levels were much higher in parathyroid tissue than in non-
parathyroid tissue (all P values< .05) and preoperatively
collected serum (P> .05). There was no significant difference
in PTH levels among the non-parathyroid tissues (P> .05) or
between non-parathyroid tissue and preoperatively collected
serum (P= .81). PTH levels were lower in non-parathyroid tissue
than in the corresponding serum samples. Using an upper limit of
65pg/mL as the cut-off PTH value, the sensitivity of PTH for
identification of parathyroid tissue was 28/28 (100%) and the
specificity was 158/158 (100%); these results accord with those
reported by Abdelghani et al.[20]

Our study indicates that fine-needle aspiration is an effective
method for measuring PTH levels during thyroidectomy. The
3

combination of this rapidly performed procedure and the use of
portable equipment will further facilitate the identification of the
parathyroid glands in a convenient, accurate, and safe manner
commensurate with the surgeon’s needs. Moreover, it represents
an entirely new approach to parathyroid gland identification.
Using fluorescent microsphere immunochromatography, we can
measure PTH concentrations in fine-needle tissue aspirates in 5
minutes. The benefits of this methodology include better
protection of the parathyroid glands during surgery, reduced
rates of hypothyroidism, shorter hospital stays, and lower
medical costs.[11–12] Therefore, the method described herein is
worth popularizing.
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